Tuberculosis is the leading killer of patients with human immunodeficiency virus (HIV) infection. Preventive therapy is effective, but current regimens are limited by poor implementation and low completion rates.
T h e ne w e ngl a nd jou r na l o f m e dicine W orldwide, approximately 1000 persons with human immunodeficiency virus (HIV) infection die from tuberculosis each day, including many who are receiving antiretroviral therapy. 1 Preventive therapy with isoniazid substantially reduces the risk of tuberculosis and death among patients with HIV infection and is recommended by the World Health Organization, but globally only a small proportion of those who are eligible to receive this therapy are actually treated. [1] [2] [3] [4] [5] [6] Clinicians and HIV treatment programs have been reluctant to implement isoniazid preventive therapy owing in part to concern about adherence to 6 to 9 months of treatment, drug toxicity, and the emergence of drug resistance. 7 Shorter courses of rifamycin-based preventive therapy are effective in HIV-infected patients, but the use of these regimens is also limited. 8, 9 In studies that used a murine model of latent tuberculosis, daily treatment with rifapentine plus isoniazid for 1 month was as effective as 3 months of weekly rifapentine plus isoniazid and at least as effective as 6 months of isoniazid alone. 10, 11 In the BRIEF TB/A5279 (Brief Rifapentine-Isoniazid Efficacy for TB [Tuberculosis] Prevention/A5279) trial, we hypothesized that a 1-month regimen of daily rifapentine plus isoniazid would be noninferior to 9 months of isoniazid alone for preventing tuberculosis in patients with HIV infection and that the shorter regimen would have better adherence and fewer adverse effects.
Methods

Trial Design and Patients
From May 2012 through November 2014, we conducted this randomized, open-label, phase 3 noninferiority trial at 45 sites in 10 countries in Africa, Asia, South America, North America, and the Caribbean. Eligible patients had confirmed HIV infection, were 13 years of age or older, and either lived in an area with a tuberculosis prevalence of at least 60 cases per 100,000 population or had a positive test for latent tuberculosis. We excluded from the trial patients who had known or suspected active tuberculosis on the basis of clinical evaluation or who had recently received treatment for tuberculosis. Also excluded were pregnant or breastfeeding women and patients with elevated liverenzyme levels or a body weight of less than 30 kg. Antiretroviral therapy with the use of efavirenz or nevirapine was permitted for the first month of trial participation, with any other regimen permitted after the first month. 12 Patients were stratified according to antiretroviral-therapy status and CD4+ cell count at baseline.
Patients underwent randomization in a 1:1 ratio to receive either 4 weeks of rifapentine (at a dose of 300 mg daily for a weight of <35 kg, 450 mg daily for a weight of 35 to 45 kg, and 600 mg for a weight of >45 kg) plus isoniazid at a dose of 300 mg daily (1-month group) or 36 weeks of isoniazid alone at a dose of 300 mg daily (9-month group). All the patients received pyridoxine with each dose of a trial medication. Treatment was administered by the patients.
All the patients were followed until November 14, 2017, which was 3 years after the last patient had been enrolled. Trial visits were conducted at weeks 2, 4, 8, 12, 16, 20, 24 , and 36 and every 12 weeks thereafter. Patients in the 1-month group were allowed 8 weeks to complete treatment, whereas those in the 9-month group were allowed 54 weeks to accommodate possible interruptions because of toxic effects. Treatment completion was defined as patientreported adherence to the trial regimen for the duration of the trial.
End Points
The primary end point in this time-to-event trial was the first diagnosis of active tuberculosis, death from tuberculosis, or death from an unknown cause. Secondary end points were safety, side-effect profile, death from any cause, and death from an unknown cause or causes unrelated to tuberculosis. Each end point was reviewed by one of two independent experts who were unaware of trial-group assignments. The criteria for the diagnosis of tuberculosis were defined in Appendix 100 of the Division of AIDS of the National Institute of Allergy and Infectious Diseases. Ascertainment of adverse events was conducted through week 156 in the two trial groups; additional pill counts and adherence assessments occurred from week 4 through week 36 in the 9-month group. All adverse events were graded according to the Division of AIDS Members of the protocol team from the AIDS Clinical Trials Group and the International Maternal-Pediatric-Adolescent AIDS Clinical Trials Network designed and implemented the trial and analyzed the data. (The protocol team included some of the authors as well as persons listed in the acknowledgment statement at the end of the article.) Sanofi provided rifapentine and financial support for the procurement of isoniazid, and a company representative participated on the protocol team.
All the authors vouch for the completeness and accuracy of the data and for the adherence of the trial to the protocol (available at NEJM.org). The protocol was approved by the institutional review board at each site; all the patients provided written informed consent. The trial was monitored by the African data and safety monitoring board of the National Institute of Allergy and Infectious Diseases.
Statistical Analysis
We used a noninferiority design to test the hypothesis that the efficacy of the 1-month regimen would be noninferior to that of the 9-month regimen in preventing the primary end point. We assumed that the incidence of tuberculosis in the 9-month group would be 2.00 cases per 100 person-years on the basis of the results of previous studies of tuberculosis preventive therapy in HIV-infected adults in southern Africa. 8, 13 Noninferiority would be shown if the upper limit of the 95% confidence interval for the between-group difference in the number of events per 100 person-years was less than 1.25. Kaplan-Meier estimates of the time until the primary end point in each group were computed, both overall and within each stratum of CD4+ count. For the primary end point, data from patients who had been lost to follow-up or had died from known causes unrelated to tuberculosis were censored at the time of the last assessment or death. We conducted one interim analysis using the Haybittle-Peto boundary. We set the noninferiority margin at 1.25 events per 100 person-years as the boundary for the upper limit of the 95% confidence interval of the between-group difference, since it ensured the preservation of a reasonable amount of the treatment effect of the 9-month regimen over that of placebo, as determined from the results of earlier studies of isoniazid. (Details regarding this estimation are provided in the protocol.) The boundary represents the limits of a 95% confidence interval so that if noninferiority was confirmed, the observed rate in the 1-month group would be substantially less than the noninferiority margin.
On the basis of these calculations, we determined that the enrollment of 2452 patients would provide the trial with a power of 90% to confirm noninferiority at a one-sided significance level of 0.025 (i.e., a two-sided level of 0.05). We subsequently increased the enrollment to 3000 patients to permit the evaluation of essential subgroups with some precision. We also included upward adjustments for interim monitoring and for a combined loss to follow-up plus a death rate from nontuberculosis causes of 10% and a 2% increase for interim monitoring.
We used a modified intention-to-treat method for the primary analysis, which included all the patients who had received at least one dose of a trial medication. We used the MantelHaenszel method to estimate standardized incidence rates and incidence rate differences with 95% confidence intervals using the PROC STDRATE procedure in SAS software, version 9.4 (SAS Institute). Before the analyses were conducted, the lower two categories of CD4+ count were collapsed into one category (≤250 cells per cubic millimeter), since there were few patients in those categories.
We also conducted a per-protocol analysis, which included all the patients from the modified intention-to-treat population who had completed treatment or who had died or received a diagnosis of tuberculosis while they were receiving treatment. In additional sensitivity analyses, data regarding deaths from unknown causes were either censored at the time of death or treated as competing risks.
In analyses of safety and side-effect profiles, we considered the proportions of patients with T h e ne w e ngl a nd jou r na l o f m e dicine serious adverse events, targeted safety events, and treatment discontinuations or modifications because of toxicity. For serious adverse events and targeted safety events, we estimated the difference in the proportions of patients who had at least one event and used Fisher's exact test to calculate P values. We also estimated the incidence of grade 3 or 4 safety end points and compared them using a negative binomial model. For side-effect profiles, we used a proportional-odds model to estimate the odds of being in a better ordinal category within the hierarchy of no discontinuation, temporary treatment interruption, and permanent discontinuation because of toxicity. All the patients completed a medication-adherence questionnaire at weeks 2 and 4, and those in the 9-month group completed the questionnaire every 4 weeks thereafter until week 36. 14 
Results
Patients
Of the 3000 patients who were enrolled in the trial, 14 never received a dose of trial medication and were excluded from the primary analysis (Fig. 1) . The baseline characteristics of the patients were similar in the two groups (Table 1 ). A total of 1614 patients (54%) were women; the median CD4+ count was 470 cells per cubic millimeter (interquartile range, 346 to 635). Fifty percent of the patients were receiving antiretroviral therapy at entry, and 77% of these patients had an undetectable HIV viral load (HIV RNA, <40 copies per milliliter).
Among all the patients, 97% were from areas with a high prevalence of tuberculosis (≥60 cases per 100,000 population), and 692 (23%) had a positive tuberculin skin test, a positive result on the interferon-γ release assay, or both. Overall, patient-reported adherence to treatment was 90% or more in each group; treatment was completed in 97% of the patients in the 1-month group and in 90% of those in the 9-month group (P<0.001). A total of 18% of the patients in each group were lost to follow-up. In each group, the median time of participation in the trial was approximately 3.3 years, and adherence to scheduled visits averaged more than 95% among those who were still participating in the trial at a given week.
Among the patients who were not receiving antiretroviral therapy at entry, such treatment was initiated by 87% of those in the 1-month group and 85% in the 9-month group during follow-up, with a median uptake time of 12.0 months (interquartile range, 1.9 to 30.9) in the 1-month group and 11.7 months (interquartile range, 1.2 to 33.3) in the 9-month group. Among the patients in the two groups who did not initiate antiretroviral therapy, 75% had discontinued the trial early and 72% had fewer than 3 years of follow-up. * Patients in the 1-month group were assigned to receive a regimen of daily rifapentine plus isoniazid, and those in the 9-month group were assigned to receive daily isoniazid alone. Percentages may not total 100 because of rounding. IQR denotes interquartile range. † Race or ethnic group was reported by the patients. ‡ The body-mass index is the weight in kilograms divided by the square of the height in meters. § Results of the interferon-γ release assay (IGRA) were available only for patients at sites in the United States. 
End Points
The primary end point occurred in 32 of 1488 patients (2%) in the 1-month group and in 33 of 1498 (2%) in the 9-month group, with incidence rates of 0.65 and 0.67 per 100 personyears, respectively, for a between-group difference of −0.02 per 100 person-years (95% confidence interval [CI], −0.35 to 0.30) ( Table 2 and Fig. 2 ). Active tuberculosis accounted for 29 of 32 events (91%), including 18 confirmed events and 11 probable events, in the 1-month group and for 26 of 33 events (79%), including 14 confirmed events, 10 probable events, and 2 tuberculosis-related deaths, in the 9-month group. There were 3 deaths from unknown causes in the 1-month group and 7 in the 9-month group. A total of 6 tuberculosis-related deaths (3 in each group, including 1 death attributed to tuberculosis immune reconstitution inflammatory syndrome) were reported.
The results of the per-protocol analysis were similar to those of the primary analysis, with incidence rates of 0.64 and 0.61 per 100 personyears in the 1-month group and the 9-month group, respectively, for a between-group difference of 0.02 per 100 person-years (95% CI, −0.30 to 0.34). The results were also similar in sensitivity analyses in which deaths from unknown causes were censored at the time of death or were treated as competing risks.
The percentage of patients with the primary end point was higher among those with evidence of latent tuberculosis infection and among those who were not receiving antiretroviral therapy at enrollment, although such differences were not significant ( Table 2 ). The primary end point occurred in a higher proportion of women in the 1-month group than in the 9-month group, but the difference was not significant; conversely, the incidence of the primary end point was lower among men in the 1-month group than among those in the 9-month group (Table 2). Among patients with a CD4+ count of 250 cells per cubic millimeter or less at baseline, the incidence of the primary end point was slightly higher in the 1-month group than in the 9-month group, whereas among those with a CD4+ count of more than 250 cells per cubic millimeter, the incidence was slightly lower in the 1-month group, although neither of (Table 2 and Fig. 2B and 2C ).
In one patient in each group, tuberculosis caused by a rifampin-resistant strain developed. In three patients (two in the 1-month group and one in the 9-month group), tuberculosis caused by an isoniazid-resistant strain was diagnosed.
Adverse Events
The patients who discontinued treatment because of toxic effects included 16 (1%) in the 1-month group and 25 (2%) in the 9-month group; treatment was withheld for more than 7 days in 11 patients and 31 patients (1% vs. 2%), respectively. The proportional odds ratio for discontinuing or withholding a trial regimen was 2.09 (95% CI, 1.32 to 3.33) favoring the 1-month regimen.
During the entire follow-up period, serious adverse events of any grade occurred in 83 patients (6%) in the 1-month group and in 108 (7%) in the 9-month group (P = 0.07). (Serious adverse events of grades 3 through 5 are listed in Table 3 .) Prespecified targeted safety events (including nausea and vomiting, rash, drugassociated fever, elevated liver-enzyme levels, and peripheral neuropathy) of grade 3 or higher occurred in 44 patients (3%) in the 1-month group and in 52 (3%) in the 9-month group (P = 0.47). An analysis of the rates of combined grade 3 and 4 serious adverse events and targeted safety events over the entire follow-up period showed that fewer events occurred in the 1-month group than in the 9-month group (2.9 vs. 4.6 events per 100 person-years) (P = 0.01). Data from patients in the two groups were censored at the time they discontinued the trial or had a primary end point, regardless of Shown are the percentages of patients who were free from the primary end point -the diagnosis of tuberculosis or death from tuberculosis or an unknown cause -among all the patients (Panel A), among those with a CD4+ count of 250 cells per cubic millimeter or less (Panel B), and among those with a CD4+ count of more than 250 cells (Panel C), according to the receipt of either a 1-month regimen of daily rifapentine plus isoniazid (1-month group) or 9 months of isoniazid alone (9-month group). 
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T h e ne w e ngl a nd jou r na l o f m e dicine the treatment duration. Elevations in liver-enzyme levels of grade 3 or greater and neurologic toxicity were less common in the 1-month group than in the 9-month group (2% vs. 3% and 1% vs. 2%, respectively), whereas neutropenia of grade 3 or higher was more common in the 1-month group (2% vs. 1%). (Details regarding adverse events are provided in the Supplementary Appendix.)
Discussion
In this trial, we found that 1 month of daily rifapentine plus isoniazid was noninferior to daily isoniazid for 9 months for the prevention of tuberculosis in HIV-infected adults and adolescents. Patients in the 1-month group had a lower incidence of adverse events and were more likely to complete treatment than were those in the 9-month group. Because the trial was open-label, the outcomes that were measured reflect the pragmatic effectiveness of the 1-month regimen. However, the high degree of adherence in the two groups suggests that the trial design also captured the clinical efficacy of the shorter regimen. Despite extensive high-quality evidence supporting the efficacy of preventive therapy for tuberculosis and recommendations from the World Health Organization and others, the use of such an intervention worldwide has been low. 1, 3, 4, 7, 15 In 2017, fewer than 1 million HIVinfected patients received preventive treatment, with an estimated 30 million eligible.
1 Implementation of tuberculosis preventive therapy in patients with HIV infection has been hampered by operational concerns, poor adherence to longduration regimens, concern about drug resistance, drug-drug interactions with antiretroviral agents, and skepticism about the effect of this strategy during a time when antiretroviral therapy was being increasingly prescribed. [15] [16] [17] Several studies have shown that isoniazid therapy reduces the risk of death regardless of the receipt of antiretroviral therapy among HIVinfected patients. * There was a significant between-group difference in neutropenia and in neurologic events (P = 0.02 for both comparisons) at an alpha level of 0.05 with no adjustment for multiple comparisons. † Targeted adverse events included nausea and vomiting, rash, drug-associated fever, elevated liver-enzyme levels, and peripheral neuropathy. In research settings, moderately good adherence was shown with longer durations of isoniazid preventive therapy, but only 50 to 70% of the patients at increased risk for tuberculosis completed 6 to 9 months of isoniazid therapy in programmatic settings. 21, 22 Shortening treatment to 3 months with supervised weekly administration of rifapentine and isoniazid increased completion rates to 87 to 96% in research settings and to 82% in clinical practice. 8, 9, 21 In our trial, 97% of the patients who started 1 month of self-administered rifapentine plus isoniazid completed the regimen, and completion rates of 9 months of isoniazid therapy were also high.
Adverse drug reactions, including hepatotoxicity, are an important concern that influences the use of tuberculosis preventive therapy. [22] [23] [24] [25] [26] [27] There were significantly fewer treatment interruptions or discontinuations because of drug toxicity in the 1-month group than in the 9-month group. Cases of hepatotoxicity and peripheral neuropathy were unusual in the 1-month group (2% of recipients), and no hypersensitivity reactions were reported. 28, 29 Concern about the development of drugresistant tuberculosis is also a barrier to the implementation of preventive therapy, despite a lack of evidence, even in areas with high background rates of drug-resistant tuberculosis. 8, 26 We observed low rates of drug-resistant tuberculosis among patients in whom active tuberculosis disease developed, a finding that was consistent with the background prevalence of resistance in the participating countries. Finally, although rates of tuberculosis were higher among patients with evidence of latent infection, we found that the 1-month regimen was noninferior to the 9-month regimen in HIVinfected patients without evidence of latent infection. The TEMPRANO trial confirmed the superiority of isoniazid over placebo for preventing tuberculosis and death in HIV-infected patients who had a negative test for latent tuberculosis infection. Our results show the noninferiority of a 1-month regimen of rifapentine plus isoniazid to 9 months of isoniazid alone in such patients. 3, 4 Our trial has several limitations. We enrolled only adults who were not pregnant or breastfeeding and adolescents (≥13 years of age) with HIV infection, so the effectiveness of the 1-month regimen in HIV-uninfected persons, younger children, and pregnant women is not known. The overall tuberculosis incidence that was observed in our trial was lower than expected at approximately 0.70 per 100 person-years, which limited our ability to evaluate differences in subgroups with precision. In particular, the number of patients with a CD4+ count of less than 250 cells per cubic millimeter was small, and neither inferiority nor noninferiority of the 1-month regimen was shown in this stratum. We had based our assumptions on the evidence that was available during the trial development, but this did not include more recent studies showing an independent benefit from antiretroviral therapy in preventing tuberculosis. [3] [4] [5] Approximately half the patients in our trial were receiving antiretroviral therapy at trial entry, and more than 90% were receiving such therapy at trial completion. We previously had found that the coadministration of rifapentine and isoniazid with efavirenz did not adversely affect efavirenz concentrations, but future studies are likely to investigate more contemporary antiretroviral agents, such as integrase strand transfer inhibitors, including dolutegravir. 12, 29, 30 In conclusion, our results showed that 1 month of daily rifapentine plus isoniazid was noninferior to 9 months of isoniazid in preventing tuberculosis in high-risk patients with HIV infection, as predicted by the murine model.
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